Most patients with breast cancer receive anthracyclines and taxanes in either the adjuvant or metastatic setting. Carboplatin, vinorelbine and capecitabine each has single agent activity in breast cancer. In addition they are non-cross resistant and generally have non-overlapping toxicities. The purpose of this study is to assess the response rate of this triplet combination in women with metastatic breast cancer previously treated with anthracycline and taxane based chemotherapy. The dosing schedule was carboplatin 300mg/m2 day 1, vinorelbine 25mg/m2 day 1 & 8 and capecitabine 1500mg/m2/day on days 1-14 every 21 days. Twenty three patients were evaluable for both efficacy and toxicities. Seventy eight percent of patients had refractory disease. The overall response rate was 65%. Complete responses were observed in 13%, and partial responses in 52%. The median progression free survival was 5.5 months. The Kaplan-Meier estimated median survival was 17.5 months. Two patients (8%) progressed on chemotherapy and 43% of patients received additional systemic therapy following participation in this study. Grade 3-4 neutropenia, anemia, and thrombocytopenia occurred in 30%, 7% and 5% of 128 cycles, respectively. Thirty seven percent of cycles required G-CSF support. One patient died of respiratory failure, possibly related to treatment. The regimen of carboplatin, vinorelbine and capecitabine has significant activity in this refractory heavily pretreated population, making it a promising therapeutic option in women with metastatic breast cancer.
INTRODUCTION
Breast cancer remains a major cause of death for women in North America. Treatment of women with metastatic breast cancer whose disease has progressed after receiving anthracycline and taxane based chemotherapy is a common clinical dilemma. There are many potential treatment options for women with metastatic breast cancer including single agent chemotherapy, combination chemotherapy, hormonal therapy and biologic therapies, such as herceptin.
Carboplatin, vinorelbine and capecitabine have all demonstrated activity in metastatic breast cancer. 1 , 2 , 3 Capecitabine has been examined in paclitaxel refractory metastatic breast cancer and determined to have a response rate of 20% 3 . The only two grade 3-4 adverse events with an incidence of 10% or greater were hand-foot syndrome (10%) and diarrhea (14%). The doublet consisting of vinorelbine and capecitabine has also been evaluated in metastatic breast cancer patients previously treated with anthracyclines and taxanes. 4 Eighteen patients received capecitabine 1400-2250mg/m 2 for 14 days and vinorelbine 25mg/m 2 days one and eight every three weeks. The maximum tolerated dose of capecitabine was 2000 mg/m 2 x 14 days and the overall response rate was 38%.
The combination of carboplatin and vinorelbine as second line therapy in metastatic breast cancer is reported to have an overall response rate of 46% and a 46% incidence of grade 3-4 leukopenia. 5 In a separate phase I study, this combination in patients with anthracycline and taxane pretreated metastatic breast cancer resulted in a 42% incidence of grade 3-4 neutropenia and 32% grade 3-4 fatigue. 6 Of 20 patients evaluable for response, 20% had a response. Multiple studies evaluating the doublet carboplatin and vinorelbine in non-small cell lung cancer have been reported. The dosing schedules are varied, but contain vinorelbine from 25-30 mg/m 2 on days 1 and 8, with carboplatin 300-400 mg/m 2 or carboplatin AUC 4.5-7.0 day advanced breast cancer and they are non cross-resistant with generally non-overlapping toxicity. Thus, carboplatin, vinorelbine and capecitabine seemed a potentially promising triplet in patients with metastatic breast cancer who had previously received anthracycline and taxane based chemotherapy with progression of disease. Required laboratory data upon enrollment were absolute neutrophil count ≥1500/ µL, platelet count ≥ 100,000/ µL, creatinine ≤ 2.0 mg/dL and a bilirubin ≤ 2.0 mg/dL. An ECOG performance status of ≤ 2 was required for enrollment. Patients were required to have at least one measurable lesion. The study was approved by the local institutional review board (IRB). All patients signed an IRB approved consent form.
PATIENTS AND METHODS

PATIENT POPULATION
STUDY TREATMENT
The doses selected in this study were based on a phase I study that established the dose limiting toxicity of capecitabine at 1750 mg/m 2 /day when given with carboplatin and vinorelbine. 14 Factor (G-CSF) was allowed if there was a delay due to neutropenia.
DOSE MODIFICATION
Complete blood cell counts were obtained prior to each cycle and on day 8 before the administration of vinorelbine.
For an absolute neutrophil count (ANC) of between 1000-1499/µL on day 8, the vinorelbine was decreased to 15mg/m 2 and it was held completely if the ANC was less than 1000/µL. A cycle was delayed for 1 week if on day 1 the ANC was less than 1500/µL or the platelet count was less than 100,000/ µL. 
STATISTICAL ANALYSIS
The clinical cutoff for study analysis was July, 2004. Progression free survival and overall survival were calculated using the Kaplan-Meier method. The statistical software SPSS was used for the Kaplan-Meier calculations and graphs. Tumor response was assessed prior to every 3 rd cycle of chemotherapy. The RECIST criteria were used to determine anti-tumor activity.
RESULTS
PATIENT POPULATION
Twenty three patients were The median length of follow up was 10 months with a range of 2 to 35 months. All patients had received prior anthracycline and taxane chemotherapy. Seventy eight percent of patients had refractory disease, defined as a progression free interval of less than six months. Ten patients had been treated with an anthracycline in the adjuvant setting and a taxane in the metastatic setting, 10 patients had received both an anthracycline and a taxane in the adjuvant setting, and 3 patients received both an anthracycline and a taxane in the metastatic setting. Patients who had previously received an anthracycline in the past were not re-challenged with another course of anthracycline after failing a taxane. Thus it could be argued that some of these patients may not be truly refractory to both agents. The mean time from last treatment to enrollment was 5.3 months. Seventy eight percent of patients had more than one site of metastatic disease. A total of 128 cycles of chemotherapy were administered.
TOXICITY
Grade 3-4 neutropenia, anemia, and thrombocytopenia occurred in 30%, 7% and 5% of cycles respectively. GCSF support was required in 37% of cycles. Thirteen percent of patients developed neutropenic fever. One patient died of presumed respiratory failure. This patient had a malignant pleural effusion with borderline respiratory function requiring supplemental oxygen prior to enrollment in the study. She had stable disease on the treatment, and had been tolerating therapy reasonably well. She had previously had a number of therapeutic thoracenteses due to respiratory difficulty. On day 12 of her 3 rd cycle she had reported difficulty breathing, but declined to come in for evaluation. She died at home the following day. It was thus unclear if this was treatment related. Grade 3-4 non-hematologic toxicities were fairly uncommon and are presented in table 2. 
EFFICACY
All patients were evaluable for both efficacy and toxicities. The overall response rate was 65% (95% CI: 46-85%).
Complete responses were observed in three patients (13% (95% CI: 1-27%)), partial responses in twelve patients (52% (95% CI: 31-72)). Six patients had stable disease, and two patients (8%) progressed on chemotherapy. The patients who had a complete response included a patient with subcutaneous nodules, a patient with skin nodules, and a patient with pulmonary and nodal involvement. Of the patients with a partial response, 8 had visceral disease in the liver and/or lung, and 4 had only skin and/or nodal disease. The median progression free survival was 5.5 months (95% CI: 3.7-7.2). The Kaplan-Meier estimated median survival was 17.5 months (95% CI: 6-28). Forty three percent of patients received additional systemic therapy following participation in this study. 
DISCUSSION
This small phase II study demonstrates that the combination of carboplatin, vinorelbine and capecitabine is an active regimen in women with metastatic breast cancer previously treated with anthracyclines and taxanes. The side effects of this triplet are predictable and manageable. Grade 3-4 nonhematologic toxicities were uncommon. Grade 3-4 hematologic toxicities were frequent, with 83% of patients experiencing grade 3-4 neutropenia. However, only three patients experienced neutropenic fever and very few cycles resulted in grade 3-4 anemia or thrombocytopenia (7% and 5% respectively). The response rate in this study is much higher than that of the combinations carboplatin and vinorelbine (20%) 5 or capecitabine and vinorelbine (38%) 4 , 13 in women with anthracycline and taxane pretreated metastatic breast cancer. Furthermore the progression free survival was relatively robust at 5.5 months. This suggests that this regimen may exhibit synergy. However, given that this is a small phase II study, the data must be interpreted with caution.
The role of combination chemotherapy in the setting of metastatic breast cancer is uncertain. The increased response rate seen with combination therapy is offset by increased toxicity. Many patients may benefit from sequential rather than combination chemotherapy. However, this regimen may be useful in a subset of patients with significantly symptomatic disease that necessitates a high probability of disease response to treatment. The population in this study consisted primarily of women with aggressive disease, as indicated by the short interval between last treatment and enrollment. The patients who had received an anthracycline in the adjuvant setting and then relapsed, could have been rechallenged with another course of anthracycline containing chemotherapy to confirm refractoriness to an anthracycline. It is not our practice to repeat anthracyclines in this setting and thus we cannot rule out the possibility that a certain percentage of the 43% of patients falling into this group were in fact not anthracycline refractory. Nevertheless, in this population with primarily refractory disease, the combination of carboplatin, vinorelbine and capecitabine still yielded a 65% response rate. We feel that this combination is one of the more active combinations in the metastatic setting. However, as stated above, the decision to use a sequential approach or a combination approach in the treatment of patients with metastatic breast cancer needs to be tailored to the individual patients' clinical situation.
Perhaps the most significant aspect of this study is its potential use in the adjuvant setting. It is presently unclear what to do with patients who, despite neoadjuvant anthracycline and taxane containing chemotherapy, still have significant residual disease in the surgical mastectomy or lumpectomy specimen. Clearly their risk of relapse is high, but at the present time there is no regimen found to be effective in improving these patients risk of relapse. It is conceivable that a regimen with a high non cross-resistance to the neoadjuvant chemotherapy may be considered in such patients. If the results described here can be reproduced, a regimen of carboplatin, capecitabine and vinorelbine could be tested in this setting.
